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A b s t r a c t: The paper presents the results obtained for the fluoride content in some geothermal waters in Re-
public of Macedonia. The results made it possible to determine the dependence between fluoride and other chemical 
elements in the geothermal water. Fluoride content was determined with jon-analyser (EA 920 ORION) and Ion se-
lective electrode for detection of trace fluoride. For chemical analysis was used 10% TISAB Alumina. Samples were 
collected in plastic bottles and kept in dark place not longer than two months. Examination on other chemical ele-
ments was carried out with AES-ICP. First, the samples were filtered and preserved with HNO3. 
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INTRODUCTION 

Fluoride is an ion of the element fluorine, and 
is a natural component in most water resources.  

Fluoride is an essential element notably for 
health (Frencken, J. E. 1992; USNRC 1993; 
USPHS 1991). Fluoride is present in surface, more 
in ground water and much more in geothermal and 
mineral water (Allmann, R. and Koritnig,1974; 
Deshmukh A. N. and Maple D. B. 1996; Gaciri S. 
J. and Davies 1993; Handa B. K. 1975). Fluorine 
content varies widely. 

Fluoride content in water depends on several 
factories such as: 

– geology of the terrain, 
– porosity and alkali of soil, 
– type of rocks, 
– pH values and temperature, 
– chemical and physical properties of water–

bearing layer, 
– content of calcium ion which limits dissolu-

tion of fluorine to 3.1 mg/l concentration, 

– depth  of source, 
Specific geological conditions which result in 

higher concentration of fluoride in water are re-
lated to volcanic activity. Acidic rocks which are 
poor in calcium and rich in fluoride under high 
temperature activity release fluoride from the rocks 
or fluids after eruptive processes and hydration in 
water bodies. 

Volcanic rocks and geothermal fluids can be 
regarded as key factor for the high concentration 
on fluoride in water (Lottermoser, B. G., and 
Cleverley, J. S. 2007; Hem, J. D.,1989; Sharma S. 
K.2003). 

Fluoride is dissolved salt whose major sour-
ces in ground waters are apatite, mica and fluora-
patite. They are associated with water with high 
pH values and low calcium concentration (Karthi-
keyan,.G, A. Shunmugasundarraj, 2008; Alagu-
muthu G and Rajan M 2008). 

RESULTS AND DISCUSSION  

Table 1 shows the chemical composition of 
investigated waters. Dependence between F––Cl–, 
F––Na, F––Ca, F––Mg, F––As, F––Al, F––Fe, F––Cr 

is shown on Figs. 1–8. Correlation coefficient can 
be seen from the results given in Table 2 
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T a b l e  1  

Chemical composition of investigated geothermal waters  

 Kežovica Kumanovo Katlanovo Konjari Bansko Istibanja 
As 0.177 0.076 0.004 0.060 0.016 0.187 
Al 0.025 0.000 0.008 0.004 0.008 0.025 
Sr 0.379 1.08 0.334 0.354 1.10 1.26 
Ca 14.6 127.6 54.7 124.6 54.4 9.3 
Ba 0.024 0.316 0.541 0.050 0.145 0.086 
Mn 0.029 0.004 0.005 0.070 0.004 0.002 
Fe 0.037 0.015 0.013 0.013 0.012 0.033 
Cr 0.017 0.007 0.007 0.006 0.006 0.005 
Mg 0.734 46.2 16.98 24.8 15.6 9.2 
Na 524 311 27 70 189 543 
F– 14 0.58 1.5 0.33 1.8 5.4 
P 0.024 0.022 0.022 0.761 0.005 0.003 
Zn 0.019 0.008 0.596 0.178 0.007 0.005 
Pb 0.011 0.003 0.014 0.001 0.001 0.006 
Co 0.007 0.007 0.005 0.007 0.006 0.006 
K 12.7 16.8 3.6 13.7 10.7 26.5 
Cl– 1368 312 354 1259 232 267 
NO3

– 0.059 0.068 0.029 0.066 0.029 0.016 
NH4

+ 0.029 0.044 0.098 0.050 0.058 0.057 
Hardness concentracion 
CaCO3 (mg/l) 39.5 508.3 206.4 413.4 200.0 60.8 
Classification soft water very hard hard very hard hard soft water 

 

 
Fig. 1. Dependence between F– and Cl 

 
Fig. 2. Dependence between F– and Na 

 
Fig. 3. Dependence between F– and Ca 

 
Fig. 4. Dependence between F– and Mg 
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Fig. 5. Dependence between F–  and As 

 
Fig. 6. Dependence between F– and Al 

 
Fig. 7. Dependence between F–  and Fe 

 
Fig. 8. Dependence between F–  and Cr 

T a b l e  2 .  

Correlation coefficient between F– and Cl –, Na, Ca, Mg, Al, As. Fe and Cr 

  Cl– Na Ca Mg Al As Fe Cr 

Correlation coefficient  (r ) 0.5174 0.7383 –0.7121 –0.7268 0.8400 0.7456 0.8930 0.8801 

CONCLUSION 

Investigations carried out led to the conclu-
sion as follows. 

Fluoride content is higher in Kežovica water 
and lowest in Konjare water. Dependence between 
F––Cl–, Na, Al, As, Fe and Cr is proportional. Cor-
relation coefficient for F– and Cl– has lower value, 
0.5174 and  correlation coefficient for F– and Fe 
has higher value, 0.8930 Non-proportional de-
pendence was established between F––Ca and F—

Mg with  correlation coefficient, –0.7121 and  –
0.7268. Kežovica and Istibanja are soft water. Ku-
manovo and Konjari are very hard water.  Kežovi-
ca water, except higher concentration on F–  has 
higher value on Cl–, Na, Al, Fe and Cr.  

 Higher value Lower value 

F– Kežovica Konjare  

Cl– Kežovica Bansko 

Na Istibanja, Kežovica Katlanovo 

Ca Kumanovo Istibanja 

Mg Kumanovo Kežovica 

Al Kežovica, Istibanja Kumanovo 

As Istibanja Katlanovo 

Fe Kežovica  Bansko 

Cr Kežovica Istibanja 
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Содржината на флуоридните јони  е највисока во во-
дата од Кежовица, а најниска во водата од Коњаре. Коре-
лацијата помеѓу содржината на флуоридни јони со содр-
жината на Cl–, Na, Al, As, Fe и Cr пропорционална. Коефи-
циентот на корелација за F––Cl– има најниска вредност, 
0,5174, а за F––Fe највисока, 0,8930. Корелацијата помеѓу 

концентрацијата на F––Ca и F––Mg е обратно пропорцио-
нална со коефициенти на корелација –0,7121 и –0,7268. 
Водите од  Кежовица и Истибања се меки води, а  водите 
од Куманово и Катланово се многу тврди. Во водата од  
Кежовица се одредени највисоки концетрации не само за 
флуоридните анјони, туку и за Cl–, Al, Fe и Cr. 

 


